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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The pressure sensor to which a diaphragm is characterized by the bird clapper from a diamond thin film in the pressure 

sensor which consists of a diaphragm, a strain gage formed on this diaphragm, and a substrate which supports these. 

[Claim 2] The pressure sensor according to claim 1 whose internal stress of a diamond thin film is a tensile stress of the range of 

10-50MPa. 

[Claim 3] The manufacture method of the pressure sensor characterized by using a diamond film as a mask at the time of forming 
a diaphragm in the manufacture method of a pressure sensor which consists of removing a part of aforementioned silicon 
substrate from a rear face, and forming a diaphragm after forming a diamond thin film and a strain gage one by one on a silicon 
substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention - small ~ high - it is related with a pressure sensor [****] and its manufacture method 
[0002] 

[Description of the Prior Art] In fields, such as automobile electronics, an industrial instrumentation, household electric 
appliances, and medicine, the large-scale systematization which carried the microcomputer is progressing with progress of an 
electron device now. The performance which are high degree of accuracy, small, and a low price, and can be easily connected to a 
digital disposal circuit is demanded of the sensor which serves as an eye of digital disposal circuits, such as a microcomputer, and 
serves as an ear in such movement. Among these, about the miniaturization, if the tactile sensor used for an industrial robot is 
taken for an example, sensing of a minute field called 0. 1mm angle is needed. An elastic formula pressure sensor consists of an 
elastic-deformation element which bends and changes into an amount or a variation rate the force produced with a pressure, and a 
circuit element which changes the amount of deflections, or deformation into an electrical signal. There are a diaphragm, a ** 
rose, the Bourdon tube, etc. in an elastic-deformation element, and it is chosen by the performance of the measuring pressure 
force range, dynamic-response nature, and an electrical signal sensing element, the detection method, etc. Among these, a 
diaphragm sensor is easy to miniaturize and fits pressure detection of a minute field. Although there are a wave diaphragm and a 
monotonous diaphragm in the kind of diaphragm, the direction of a monotonous diaphragm is easy structure and can make a 
manufacturing cost cheap. Now, in the pressure sensor which used silicon as the diaphragm, the size about 2mm angle is 
possible. This sensor prepares the mask material for fonning a diaphragm in the rear face of a silicon substrate beforehand, and 
after forming a circuit element on the surface of silicon, it is produced by ********** ing silicon on the back with a pottasium 
hydroxide solution etc, 
[0003] 

[Problem(s) to be Solved by the Invention] The amount delta of the maximum displacement of a monotonous diaphragm is 
expressed with the following formulas 1 when a diaphragm is a disk. 
[0004] 
[Equation 1] 

Delta/P (l-K).58delta2/h2) = 3 / 16*(l-upsilon2)/E*a4/h3 [0005] The pressure P: Applied here, the thickness of h:diaphragm, the 
Poisson's ratio of upsilon.diaphragm, Young's modulus of E:diaphragm, a: It is the radius of a diaphragm. The value of the 
amount delta of the maximum displacement influences the disruptive strength of a sensor. That is, in the case of the same pressure 
sensor of a configuration, a disruptive strength can be enlarged, so that the amount of displacement to the applied pressure is 
small. Therefore, from the formula 1 , it is suitable as a diaphragm material, so that Young's modulus is large and a Poisson's ratio 
is small. However, it was not able to be said that the silicon used conventionally had enough pressure resistance. 
[0006] On the other hand, as shown in the above-mentioned formula 1 , it depends for the amount of displacement of a diaphragm 
on the configuration of a diaphragm greatly. When manufacturing a small diaphragm sensor especially, the manufacturing 
technology which makes variation in the configuration of a diaphragm small as much as possible is required. Generally single 
crystal silicon is used for the base material of a small diaphragm sensor, the nitride or oxide film of silicon is used as a mask, and 
a diaphragm is formed using the anisotropic etching of silicon. Under the present circumstances, in order to enlarge an etch rate 
as an etching reagent, a high-concentration pottasium hydroxide solution is used. Although, as for the nitride of silicon, the 
oxidizing [ thermally ] method or the spatter was mainly used about the plasma gaseous-phase chemistry grown method or the 
spatter, and the oxide film, since a film was amorphous and an opening existed in a film also in any, the problem was in the 
chemical stability to an etching reagent, and there was a problem that configuration control of a diaphragm was difficult, this 
invention solves such a conventional technical problem, it is good and pressure resistance aims at offering a small pressure sensor 
with a high precision. 
[0007] 

[Means for Solving the Problem] this invention is a pressure sensor to which a diaphragm is characterized by the bird clapper 
from a diamond thin film in the pressure sensor which consists of a diaphragm, a strain gage formed on this diaphragm, and a 
substrate which supports these. Here, the internal stress of a diamond thin film makes it suitable to be the tensile stress of the 
range of 10-50MPa. Moreover, after the manufacture method forms a diamond thin film and a strain gage one by one on a silicon 
substrate, it is characterized by using a diamond film as a mask at the time of forming a diaphragm in the manufacture method of a 
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pressure sensor which consists of removing a part of aforementioned silicon substrate from a rear face, and forming a diaphragm. 
[0008] 

[Function] By using a diamond thin film as a diaphragm, a disruptive strength is large and becomes possible [ manufacturing a 
highly efficient small pressure sensor ]. That is, compared with silicon, Young's modulus of a diamond is large 1 figure, and since 
a Poisson's ratio is also smaller than silicon, it is suitable as a diaphragm. A diamond film can be formed on a substrate by 
understanding the gas containing carbon, such as methane and a carbon monoxide, by pyrolysis or plasma. However, the substrate 
temperature in the case of membrane formation is high, compressive stress works on a film according to the 
coefficient-of-thermal-expansion difference of a substrate and a diamond, and when a diaphragm is formed, there is a problem 
which sag generates. The diamond thin film with the moderate tensile stress becomes possible by impressing direct-current bias 
voltage between a filament and a substrate in the heat filament method so that Japanese Patent Application No. No. 21 3083 
three to ] may see. If stress is set to 50 or more MPas, the adhesion of a diamond film and a silicon substrate will fall and ablation 
of a film will occur. Moreover, in the case of 10 or less MPas, membranous hauling will be inadequate, and sag will produce it 
slightly. Moreover, by using a stable diamond film chemically as a mask in the case of silicon-substrate etching, it becomes 
possible to produce the configuration of a diaphragm with a stably and sufficient precision. 
[0009] 

[Example] Hereafter, the example of this invention is explained based on a drawing. The composition of the pressure sensor of 
this invention is shown in drawing 1 . The single-crystal- silicon substrate 1 of a field direction (100) was used for the base 
material of a sensor. The diamond thin film 2 which had the tensile stress of 10-50MPa used as a diaphragm in one front face of a 
silicon substrate 1 is formed, and the strain gage 3 for changing a variation rate into an electrical signal is further formed in the 
core of a diaphragm. The metal thin film strain gage which specifically consists of iron and chromium with large resistance 
change to a variation rate and so-called gage factor, cobalt, molybdenum, and a tungsten was used. The diamond thin film 4 used 
as a mask for etching is formed in the field of another side of silicon. 

[00 1 0] Next, the manufacture method of this pressure sensor is described based on drawing 2 . The heat filament method was 
used for membrane formation of the diamond thin films 2 and 4. After grinding both sides of the silicon substrate of the field 
direction (100) where mirror-plane processing of both sides was carried out with diamond powder with a particle size of 0. 1 
micrometers or less, they were installed into the vacuum housing. After exhausting the inside of a vacuum housing to about 10 to 
6 torrs, hydrogen 300sccm and methane 3sccm were introduced, and the pressure was held to 1 50torr(s). Filament temperature is 
made into 2100 degrees C, substrate temperature is made into 850 degrees C, and current density is 2mA [ 8-40 //cm ] between a 
substrate and a filament. Direct-current bias voltage which becomes was impressed. Under these conditions, 5 micrometers of 
diamond thin films 2 used as a diaphragm were formed first, and 1 micrometer of diamond thin films 4 which serve as an etching 
mask on the membrane formation conditions as the rear face of a silicon substrate that it is next the same was formed ( drawing 2 
(a)). On the diamond thin film 4, it applied and patterning of the photoresist 5 was carried out ( drawing 2 (b)), and reactive ion 
etching removed a part of diamond thin film 4 so that the configuration of a final diaphragm might serve as 1mm angle ( drawing 
2 (c)). Then, by the spatter, membrane formation and after carrying out patterning ( drawing 2 (d)), 30% of the weight of 
potassium-hydroxide solution performed [ the metal thin film strain gage 3 ] etching for the rear face of a silicon substrate 1 in the 
position which becomes the core of the diaphragm on the diamond thin film 2 ( drawing 2 (e)). Subsequently, a pressure sensor is 
completed by cutting ( drawing 2 (f)). 

[001 1] Next, the pressure to which destruction of the amount of displacement and diaphragm to a pressure takes place by the 
so-called blister method about the pressure sensor produced by this invention and the pressure sensor of the same composition 
using the conventional silicon whose thickness is 20 micrometers on 1 mm square was investigated. As shown in drawing 3 , in 
the case of the silicon diaphragm, the result had the large pressure-displacement slope of a line, and the diaphragm destroyed [ the 
pressure ] it with two atmospheric pressure. On the other hand, even if the pressure-displacement slope of a line was small 
compared with silicon in the case of the diamond and it applied the pressure of 2 or more atmospheric pressure, destruction did 
not occur. Moreover, to the variation in the configuration of a diaphragm having been about **20%, when the silicon nitride 
which formed membranes by the plasma-chemistry vapor growth as an etching mask was used in manufacturing the diaphragm 
sensor using the diamond of the configuration shown in this example, when a diamond film is used as an etching mask, it is less 
than **5%, and formation of the stable diaphragm was checked. 
[0012] 

[Effect of the Invention] Since the pressure sensor of this invention uses the diamond film as a diaphragm as explained above, it 
excels in pressure resistance. Moreover, according to the manufacture method of the pressure sensor of this invention, the 
variation in the configuration of a diaphragm is small and can form the stable diaphragm. 
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